Conclusions: The serum cortisol concentration appears to be a good measure of surgical stress in the canine model. The rapid decline in serum cortisol after laparoscopy compared with open surgery may indicate a lesser degree, or quicker resolution, of surgical stress in the former. Furthermore, the similarity in cortisol curves between laparoscopy and pneumoperitoneum only suggests that surgical stress in laparoscopic surgery may be attributable mainly to the effects of pneumoperitoneum.
INTRODUCTION T
HE IMPLEMENTATION of laparoscopic and other minimally invasive surgical techniques in urology has been driven largely by the concept that these modalities result in less operative stress and postoperative pain than standard open surgery. Comparative studies have found that patients undergoing laparoscopic surgery tend to use less narcotic pain medication, have shorter hospital stays, and return to activity more quickly than patients undergoing analogous open procedures. 1, 2 However, studies of objective physiologic measures of surgical stress in humans subjected to laparoscopic and open surgery have not found great differences or have led to conflicting outcomes. [3] [4] [5] [6] [7] [8] Additionally, newer surgical modalities, such as hand-assisted laparoscopy 9 and minilaparoscopy, 10 have been introduced, but objective assessment of their effects on surgical stress are lacking. A variety of pharmacologic interventions have been proposed to decrease postoperative pain, such as preemptive anesthesia 11 or the use of capsaicin 12 to temporarily desensitize local sensory nerves. However, we lack objective methods of measuring the effects of these and other surgical and anesthetic strategies.
Our goal, therefore, was to develop an animal model with which to reliably compare the effects of such maneuvers on the stress response. For this study, we chose to compare laparoscopic and open surgical nephrectomy in dogs. Our hypothesis was that postoperative biochemical measures, specifically the serum concentrations of cortisol and glucose, could be used to detect differences in the stress response to these rather invasive procedures.
MATERIALS AND METHODS
Animal studies were approved by the institutional review boards. Thirty-five male and female mongrel dogs weighing approximately 20 to 25 kg were fasted overnight and medicated with xylazine (2-4 mg/kg). Following anesthesia induction with pentothal 20 to 30 mg/kg and endotracheal intubation, anesthesia was maintained with 1.5% halothane. An internal jugular venous catheter was placed to facilitate subsequent blood sampling.
The animals were divided into four groups. One group (N 5 12) underwent open surgical left nephrectomy through a standardized 10-cm flank incision and another group of animals (N 5 12) laparoscopic left nephrectomy at a pneumoperitoneum pressure of 15 mm Hg utilizing three ports (two 10 mm and one 5 mm). Control animals consisted of six that had only general anesthesia and venous catheter placement (open-surgery sham) and five that underwent anesthesia, venous catheter placement, and pneumoperitoneum through a single 10-mm port without any other surgical intervention (laparoscopic sham). We used a port for the latter, rather than a Veress needle alone, in order to effect complete evacuation of the insufflated CO 2 at the end of the procedure. Anesthesia and procedure times of the control groups were matched with those of the experimental groups (Table 1 ). In the laparoscopic nephrectomy cohort, kidneys were removed through one of the 10-mm ports after morcellation. In neither of the surgical groups was the adrenal gland excised during the procedure.
Blood was drawn from each subject at baseline (after induction of anesthesia and venous catheter placement) and then at skin closure; and at 4, 8, and 24 hours postoperatively. Blood was drawn through the indwelling external jugular line while an assistant gently held the animal still. No venipuncture, sedation, or artificial restraint was necessary. Samples were immediately centrifuged, and plasma was submitted for serum cortisol and glucose determination. Postoperative analgesia was not used. Table 1 summarizes the anesthesia and operative times in the control and experimental animals. As would be expected, total intervention time (anesthesia plus operative) was significantly longer in the laparoscopic than in the open surgical group. Times were well matched in the open surgery and sham surgery groups and in the laparoscopic and pneumoperitoneum-only groups. Table 2 shows the mean serum cortisol concentrations at each time point for each of the four interventions. The skin closure, 4-hour, and 8-hour values were significantly different from baseline in the open nephrectomy group, while only the skin MARCOVICH ET AL. 1006 In summary, serum cortisol concentrations peaked within 4 hours and fell to baseline by 24 hours in both of the experimental groups. Interestingly, cortisol concentrations were consistently higher at the time of skin closure in animals that underwent laparoscopic nephrectomy than in those that had open surgery; but overall, cortisol decreased significantly more rapidly in the laparoscopic group than in the open surgery group. In fact, cortisol continued to rise through the 4-hour span in the open surgery group but fell significantly by this time point in the laparoscopic cohort. By 8 hours, cortisol had come down to near-baseline concentrations in the laparoscopic group, while in the open surgery group, it remained significantly elevated. In the sham open-surgery group, serum cortisol did not differ significantly from baseline but was, as expected, significantly lower on average than in the animals undergoing open surgical nephrectomy. Cortisol concentrations in the pneumoperitoneum-only group paralleled those in the laparoscopic nephrectomy group, except at 4 hours, where the laparoscopic group had significantly higher values.
RESULTS
Finally, serum glucose concentrations showed no significant pattern of variability among either of the experimental or control groups (data not shown).
DISCUSSION
In 1959, Egdahl 13 demonstrated that the endocrine response to surgical trauma, as represented by an acute elevation in the adrenal vein corticosteroid concentration, is initiated by transmission of neural impulses via sensory afferents from the site of injury to the central nervous system. He also showed that denervation of the injured tissue prior to the insult results in a lack of corticosteroid release. Such denervation obviously leads to anesthesia of the injured part. The dependence of both the endocrine response to injury and the perception of pain on similar intact afferent neural pathways has led to the concept that pain may be quantified in a more or less objective fashion by measurement of the magnitude of the neuroendocrine response.
This idea becomes especially valuable when attempting to measure pain in animals. Studies have pointed out significant variability among observers attempting to visually assess and numerically rate pain in postsurgical dogs, 14 as well as a lack of correlation of observers' subjective measures of pain (such as visual analog scores) with commonly accepted objective measures of pain in animals, such as heart rate, breathing rate, and blood pressure. 15 Thus, in this study of operative stress, we chose to measure serum cortisol, rather than rely on potentially inaccurate subjective assessments. We also limited our investigation to measuring the neuroendocrine response, which may better serve as a surrogate for pain assessment than the cytokines (interleukins 1 and 6; tumor necrosis factor), which are released at the site of injury and better serve as markers of the extent of tissue injury. 16 Prior studies comparing the stress response to open and laparoscopic surgery in human subjects have resulted in conflicting outcomes. The majority of these studies were in patients undergoing cholecystectomy, 3, 4, 6, 8 appendectomy, 5 or abdominal hysterectomy. 7 In the first group, Karayiannakis and associates 3 and Yoshida and colleagues 6 found postoperative serum cortisol to be significantly higher in patients who had undergone open cholecystectomy than in patients who had had laparoscopic cholecystectomy. However, Jakeways and coworkers 8 ically or via laparotomy for acute abdominal pain. This study may have been flawed in that the neuroendocrine response was probably equally active in both groups preoperatively because of their common presentation with acute abdomen. Other possible reasons for the variability in outcomes of human studies such as these include the use of different anesthetic and sedative combinations, which can differentially alter corticosteroid release; 16 small numbers of subjects; and predisposing patient factors that could have been controlled for by randomization. One significant potential source of confounding that cannot be avoided in any human study is the use of postoperative analgesia: opiates are known to suppress corticosteroid release, so those patients who use more narcotic pain medication (i.e., the ones undergoing open surgery) may blunt their cortisol response to a greater degree than those using less analgesia (the patients having laparoscopic procedures). These considerations point to the necessity for controlled animal experimentation whenever one attempts to assess the physiologic impact of novel techniques or interventions on the operative stress response. In this study, we randomized dogs to open nephrectomy, laparoscopic nephrectomy, and sham open and laparoscopic procedures. No postoperative analgesia was used. Our results indicate an overall more rapid diminution in postoperative serum cortisol in those animals that underwent laparoscopy. We found that in the laparoscopic group, cortisol peaked at skin closure, while it continued to rise postoperatively in the open nephrectomy group. Our anesthetic regimen did not spuriously raise cortisol levels, and, interestingly, the cortisol curve for those animals who had had only a pneumoperitoneum mirrored the curve for the laparoscopic nephrectomy subjects. This might indicate that cortisol elevation in laparoscopy is attributable mainly to the effects of pneumoperitoneum rather than to the actual operative intervention. This finding is supported in the literature by the study of Ishizuka et al, 17 who compared the stress response in women undergoing laparoscopy with CO 2 pneumoperitoneum v those undergoing laparoscopy with mechanical elevation of the abdominal wall. The CO 2 insufflation was associated with a higher intraoperative serum cortisol concentration than was mechanical abdominal wall elevation. It is unknown whether the effect of pneumoperitoneum on serum cortisol is secondary to a noxious stimulus or is an indirect result of hypercarbia, a known stimulant of cortisol release. 18 
CONCLUSION
Serum cortisol appears to be a good measure of surgical stress in the canine model. The rapid decline in serum cortisol after laparoscopy compared with open surgery may indicate a lesser degree, or quicker resolution, of surgical stress in the former. Our data suggest that pneumoperitoneum, rather than the actual surgical intervention, may play a significant role in the stress response associated with laparoscopic nephrectomy.
